Purpose: Prader-Willi syndrome is characterized by infantile hypotonia, feeding difficulties, hypogonadism, small hands and feet, mental deficiency, behavioral problems, and hyperphagia leading to obesity in early childhood. To date there have been no studies examining the associated risk of cardiovascular disease related to obesity in Prader-Willi syndrome, nor of circulating biomarkers such as C-reactive protein known to be predictive of cardiovascular disease. Therefore, we have measured the levels of C-reactive protein in a descriptive study of a cohort of Prader-Willi syndrome and comparison subjects. Methods: An immunoassay was used to quantify C-reactive protein in plasma samples from subjects with Prader-Willi syndrome and obesity and compared to anthropometric and body composition data. Results: The mean circulating C-reactive protein concentration for 28 subjects with Prader-Willi syndrome (13 females, 15 males; mean age 24.6 Ϯ 11.6 years; mean body mass index 35.9 Ϯ 11.9) was 10.3 Ϯ 8.8 mg/L. The mean C-reactive protein concentration for 22 nonsyndromic obese subjects (16 females, 6 males; mean age 32.3 Ϯ 12.2 years; mean body mass index 36.6 Ϯ 10.7) was 8.8 Ϯ 10.9 mg/L. The reported mean value for C-reactive protein was 2.6 Ϯ 3.0 mg/L from 100 healthy adults. Conclusions: The mean C-reactive protein values were similar between the subjects with Prader-Willi syndrome and obesity but significantly higher in Prader-Willi syndrome and obese subjects relative to normative data. Increased levels of C-reactive protein (Ͼ3.0 mg/L) are associated with cardiovascular disease suggesting subjects with Prader-Willi syndrome as well as obese subjects are at a similar increased risk. Genet Med 2006:8(4):243-248.
C-reactive protein (CRP) is found in serum and binds to the C-polysaccharide of Streptococcus pneumoniae 1 and is up-regulated during infectious and noninfectious inflammatory responses in humans. 2 It is highly conserved with a molecular mass of approximately 118,000 D and composed of five identical cyclic globular subunits. 3 It is classified as a member of the pentraxin superfamily of proteins. [3] [4] CRP is synthesized in the liver and presents in trace amounts in the serum or plasma in humans with normal individuals having Ͻ3 mg/L. Plasma CRP levels rise during inflammatory conditions such as rheumatoid arthritis and cardiovascular or peripheral vascular diseases. Within 24 to 48 hours following acute tissue damage the production of CRP dramatically increases to approximately 1000 times the constitutive level and may remain elevated for several days before returning to normal. [3] [4] [5] An elevated CRP level is identified as a predictive marker for cardiovascular disease and also is supplementary to traditional risk factors such as obesity (particularly upper body fatness patterns), smoking, diabetes mellitus, high cholesterol and triglyceride levels and hypertension in both men and women in the general population. 6 -9 There is a correlation between higher body mass index and increased CRP concentrations; 10 thus, a direct relationship between obesity and CRP levels as well as a relationship between weight loss and a reduction in CRP levels. 11, 12 Twin studies have shown that genetic factors account for as much as 40% of the variance in plasma CRP levels. 13 In addition, polymorphisms within the CRP gene promoter region are found to influence plasma CRP levels. 14 Prader-Willi syndrome (PWS), the most common known genetic cause of life-threatening obesity, is characterized by infantile hypotonia, feeding difficulties, hypogonadism, small hands and feet, mental deficiency, behavioral problems, hyperphagia leading to early childhood obesity and a paternal chromosome 15qll-q13 deletion in the majority of subjects. [15] [16] [17] [18] It was recognized as the first example of genomic imprinting in humans or the differential expression of genetic information depending on the parent of origin. 19 Whether obesity associated with Prader-Willi syndrome contributes to an increased risk for diabetes and cardiovascular disease is unclear. Individuals with PWS are generally diagnosed earlier now than in the past and live longer therefore potentially at risk of developing cardiovascular and obesity related disorders as they become older. Thus, the question of increased risk for obesity related diseases becomes more important with the aging PWS population worldwide.
There are only a few well-documented cases of coronary artery disease reported in PWS. For example, a 26-year-old man with PWS and type 2 diabetes mellitus was reported with a myocardial infarction and inoperable 3-vessel coronary artery disease 20 and a 28-year-old woman with PWS was found to have stenosis of the left anterior descending artery with probable myocardial infarction after presenting with chest pain. 21 There are few reports of atherosclerotic heart disease in PWS, usually as an incidental finding. In addition, there are only scattered reports of cerebrovascular accidents in the PWS population including a report of a teenager with PWS and type 2 diabetes mellitus and a vaso-occlusive stroke with revascularization of the middle cerebral arteries. 22 Since ischemic vascular disease is commonly linked to obesity in the general population, [23] [24] [25] the low number of reports or prevalence of these conditions in PWS is surprising and may be due to underreporting or perhaps to lower than expected occurrence of dyslipidemia and insulin-resistance, 26, 27 higher adiponectin levels, 28, 29 or lower CRP levels than commonly seen in the general obese population.
Persons with PWS are noted to have growth hormone deficiency (GHD) and the relationship between GHD and dyslipidemia are discussed in a recent article by Hoybye et al. 28 In addition, a potential direct interaction between CRP and SNRPN (Sm-D) proteins has been reported 30, 31 which may impact on function or levels of gene product. The significance of this observation for PWS is unknown but would likely be similar for subjects with deletion or UPD since both lack expression of the SNRPN gene. However, CRP levels would be expected to be elevated in PWS due to obesity and potential involvement of SNRPN which is an imprinted gene located in the 15qll-q13 region. Therefore, subjects with PWS should have an enhanced risk for cardiovascular disease but no current systematic studies exist confirming an associated risk of heart disease in this patient population nor studies on predictive circulating biomarkers such as CRP.
These observations and expectations led to our rationale to perform a descriptive study in comparing CRP levels in subjects with PWS and obesity. We obtained fasting plasma CRP levels in a cohort of mostly adult PWS and obese subjects using commercially available immunoassays and characterized the levels in relationship to anthropometric and body compositions measures. To our knowledge this is the first report to measure plasma CRP levels in this classical genetic obesity syndrome.
SUBJECTS AND METHODS
Each subject was recruited and consented from a larger survey on genotype/phenotype correlations in PWS and was fasted overnight before blood samples collected and plasma separated. 32 Peripheral blood was collected in EDTA tubes following informed consent. Twenty-eight subjects with PWS (13 females, 15 males; mean ages Ϯ SD ϭ 24.6 Ϯ 11.6 years; age range ϭ 6 to 48 years; mean body mass index (BMI) ϭ 35.9 Ϯ 11.9) and 22 non-syndromic subjects with obesity of unknown cause (16 females, 6 males; mean age Ϯ SD ϭ 32.7 Ϯ 12.5 years; age range ϭ 8 to 50 years; mean BMI ϭ 34.6 Ϯ 5.9) were selected for comparison. All subjects were examined by one of us (MGB) and the clinical diagnosis of PWS made and confirmed by genetic testing (e.g., chromosome studies with fluorescence in situ hybridization, DNA methylation and chromosome 15qll-q13 microsatellite analysis); whereas, the subjects with obesity were non-syndromic and had normal genetic testing. Obesity was defined as a BMI of 30 for adults 18 years of age) and a BMI Ͼ95th percentile using published standards for sex and age for subjects Ͻ18 years. 33 All subjects had extensive endocrine studies including plasma insulin, glucose, C-peptide, cortisol, sex hormone, thyroid and leptin levels. Statistical analyses for all subjects included comparisons of group means by Student's t-test, Pearsonian correlation coefficients and one way ANOVA (Tukey) tests utilizing the SPSS computer software package. 34 Seventeen subjects with PWS had a 15qll-q13 deletion, 10 were found to have maternal disomy 15 (both 15s from the mother) and two had an imprinting defect. Both groups of subjects were similarly matched for IQ (both subject groups had IQs in the mild retardation range) and had comparable obesity status. No patient was treated with growth or other hormones. For comparison purposes, normative laboratory data were used from 100 healthy adult volunteers available from the commercial company supplying the CRP assay kits (Diagnostic Products Corporation, Los Angeles, CA). Height to the nearest 0.1 cm, weight to the nearest 0.1 kg, BMI (kg/m 2 ) and waist-to-hip ratio (waist at umbilicus level measured to the nearest 0.1 cm and hip at greater trochanter level measured to the nearest 0.1 cm) were obtained routinely on each subject in the clinical setting. DEXA or dual energy x-ray absorptiometry utilizing the Model DPX system from Lunar Corporation, (Madison, WI.) was performed routinely to determine body composition (percentage of fat and lean body mass) while the subject was in supine position as previously described. 27 The demographic, anthropometric and body composition data are shown in Table 1. A solid-phase, chemiluminescent immunometric assay (Immulite 2000 High Sensitivity CRP; Diagnostic Products Corporation, Los Angeles, CA) for quantitative measurement of C-reactive protein (CRP) was performed following manufacturer's protocols. The kit was standardized by the commercial company using quality control samples from at least 100 healthy adult volunteers with repeated measures. The antibody used was highly specific for CRP with no detectable percent cross-reactivity with human albumin, IgG or transferrin and had a high precision with coefficient of variations ranging from 3.1 to 8.7% in quadruplicate assays performed over the course of several days.
RESULTS AND DISCUSSION
Plasma concentration of CRP is an aid in the detection and evaluation of infection, tissue injury, inflammatory disorders and associated diseases. We measured plasma CRP levels between subjects with PWS and obese subjects and compared with normative laboratory data. Table 2 shows correlation data for anthropometric, body composition and CRP data from subjects with PWS and obesity. The average CRP level in the 28 subjects with PWS was 10.3 Ϯ 8.8 mg/L; 8.8 Ϯ 10.9 mg/L for 22 obese comparison subjects; and 2.6 Ϯ 3.0 mg/L for 100 healthy adults analyzed by the commercial laboratory supplying the CRP kits. To assist health-care providers in selecting and using biomarkers to monitor for inflammation and/or cardiovascular disease, the American Hearth Association (AHA) and Centers for Disease Control (CDC) proposed a joint scientific statement for the use of CRP levels in the clinical setting based on clinical evidence. 35 Three relative risk categories were proposed for CRP levels (low Ͻ1 mg/L; average 1.0 to 3.0 mg/L and high Ͼ3.0 mg/L). The three categorical classes corresponded to approximate tertile rankings in the adult population. The high risk tertile (Ͼ3.0 mg/L) had an approximate two-fold increase in relative risk compared to the low risk tertile (l mg/L). Figure 1 shows the distribution of the CRP data for the three groups (PWS, obese and healthy adults). The plasma CRP distribution in the normative healthy adults showed reduced variation and lower mean levels compared with our two subject groups (obese and PWS). Thirteen of 22 obese subjects and 20 of 28 subjects with PWS had CRP levels Ͼ3.0 mg/L. This compares with 30 of 100 healthy adults analyzed by the commercial company with CRP levels Ͼ3.0 mg/L. No significant difference was seen in fasting plasma CRP levels in the PWS and obese subjects. However, there was a significantly lower CRP level seen in the 100 healthy adults compared with either subject group (PWS or obese). The average CRP levels observed in both the PWS and obese subject groups would be categorized as high (Ͼ3.0 mg/L) while the average CRP level seen in the healthy adults would be categorized as average (1.0 to 3.0 mg/L). 35 No significant difference was seen in the average CRP levels in either males or females from either of the two subject groups (obese or PWS) or between those individuals younger or older than 18 years of age ( Table 3 ). Three of our 22 obese subjects and 9 of our 28 subjects with PWS were younger than 18 years. There were no significant effects (i.e., significant positive or negative correlations (data not shown) observed for genetic subtypes (15qll-q13 deletion or maternal disomy 15) and CRP concentrations which is consistent with our previous report of adiponectin levels in PWS. 29 Additionally, we saw no significant correlations between CRP levels for body mass index (BMI), percentage of fat, weight, age, or waist to hip ratios (see Table 2 ).
As elevated CRP values are associated with pathologic changes, the CRP assay may provide useful information for the diagnosis, treatment and monitoring of inflammatory conditions and associated diseases. 36 -38 Body weight and obesity status are consistently associated with an elevated CRP level and weight loss associated with a reduction in CRP levels. 10 -12 Several factors are known to be associated with an elevated CRP level besides chronic infections or inflammations, obesity and hypertension such as cigarette smoking, low HDL/high triglyceride levels and estrogen/progesterone hormone use. 35 Sixty percent of our obese subjects (mean age ϭ 35.4 years; age range ϭ 19 -50 years) and 71% of our subjects with PWS (mean age ϭ 25.5 years; age range ϭ 6 -48 years) had CRP levels in the elevated risk category (CRP Ͼ 3.0 mg/L). This compared with 30% for the 100 healthy adults (age range ϭ 18 -60 years). Chi-square 2 ϫ 2 tests were used to analyze the proportion of individuals in the high risk category (CRP levels Ͼ3.0 mg/L) and significant differences were found when comparing our obese subjects with healthy adults (P Ͻ 0.01) and our subjects with PWS with healthy adults (P Ͻ 0.001). However, no significant difference was found when subjects with PWS were compared with obese subjects. As indicated, the average CRP level in both of our obese and PWS groups fell within the high risk category while the average CRP level in the healthy adults was placed in the average risk category. Thus, the CRP levels seen in our subjects with PWS were comparable to levels obtained for our obese subjects but significantly higher than in the healthy adults analyzed by the commercial company supplying the CRP kits.
The best evidence to date supports the use of monitoring CRP levels as an independent predictor of increased coronary risk. 35 The optimal use of screening CRP levels is to identify patients without known cardiovascular disease (which repre- sents most subjects with PWS who may be at a higher absolute risk than estimated by the analysis of major risk factors. Those patients at an intermediate risk (e.g., 10% to 20% risk for coronary heart disease over 10 years) in which the physician needs additional information to guide medical evaluation and management including the use of imaging, exercise testing or therapies such as lipid lowering or antiplatelet drugs may be benefited from CRP measurements. 35 Those patients with high risk factors for cardiovascular disease such as obesity, hypertension or hypertriglyceridemia should qualify for medical interventions or assessments. Possibly, the use of CRP measures may further motivate some patients with moderate to high risk levels to improve their lifestyles including dietary modifications, exercise, weight loss, or smoking cessation or to comply with drug therapies.
It appears that the finding of increased CRP levels in subjects with PWS is not surprising but does not place them at a higher cardiovascular risk compared to obese comparison subjects. For example, in a large prospective study and meta-analysis of elevated CRP levels in the general population, an increased risk was present but with a relatively modest odd ratio of 1.5. 9 However, the findings on CRP alone are not sufficient to make any conclusions with so many other factors influencing cardiovascular risk such as clinical and laboratory data (e.g., triglycerides, cholesterol fractions, total cholesterol to HDL cholesterol ratios), family history and hypertension. Additional research is needed to further study the role of elevated CRP levels in both males and females with PWS and studies on the natural history of this syndrome. As the subjects in our study did not present with known heart disease, diabetes mellitus or other hormone disturbances, the elevated CRP levels may represent subclinical inflammation and a potential risk for type 2 diabetes or cardio-peripheral vascular disease. Assessment of other risk factors and long term follow-up studies are needed to further relate these observations in subjects with Prader-Willi syndrome and allow their incorporation into therapeutic interventions to improve clinical outcomes. Table 3 Comparison of C-reactive protein (CRP) data between males and females and individuals greater or less than 18 years for each subject group 
